Background: Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of mortality. People living with COPD often have a common triad of problems including decreased health-related quality of life (HRQL), smoking, and depression. Identifying barriers to preventing and treating COPD is of the utmost importance. The purpose of this study is to examine the relationship between HRQL, depression, and smoking status for patients with COPD. Methods: The 2016 BRFSS data was used to perform a cross sectional analysis of adult patients with a diagnosis of COPD. A comprehensive descriptive analysis of all study variables for those participants having COPD was performed. Then relationships between general HRQL, depression, and smoking status were examined. Data were analyzed using SPSS. Results: The original 2016 BRFSS dataset contained responses from 486,303 participants. After selecting participants who self-identified as having a diagnosis of COPD, 40,682 individual participants remained in the dataset for further analysis. The participants with COPD were mostly female, over the age of 65, with low-incomes, attended a year of college or less, with some type of healthcare coverage. Patients with a dual diagnosis of COPD and depression have poorer HRQL and an increased number of cigarettes smoked compared to those patients with COPD. Likewise, there is a significant relationship between HRQL and smoking status for patients with a dual diagnosis of COPD and depression. Conclusion: Depression as a comorbidity does have a statistically significant relationship with patients HRQL and smoking status. Future research should be aimed at increasing screening and treatment for depression in patients with COPD who continue to smoke. Further research on the cyclical rela-
Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) in the United States is 6.4%, affecting 15.7 million Americans [1] . Prevention and treatment efforts for COPD are well known in the clinical community and are centered on minimizing risk factors, managing symptoms, and reducing exacerbations [1] . However, as a preventable and treatable illness, COPD is the third leading cause of death in the world [2] .
The leading modifiable risk factor for developing and/or exacerbating COPD is tobacco smoking behavior [3] . Though it is reported that smoking cessation slows the progression of COPD and decreases COPD symptoms and exacerbations, one third of the COPD population continue to smoke [4] . Continued smoking behavior leads to subsequent exacerbations of COPD which results in additional breathing difficulties that are related to poor physical, mental, and emotional health outcomes.
In the COPD patient population, depression has a prevalence rate of 40% [5] . Concurrent depression is problematic because it is linked to lack of treatment adherence and magnification of COPD symptoms and exacerbations [6] . Depression as a comorbidity is also troublesome because people living with both COPD and depression are reported to have greater difficulty with smoking cessation [6] . People living with COPD often have a common triad of problems including decreased health related quality of life, smoking, and depression [7] .
The purpose of this study is to examine the relationship between health-related quality of life, depression, and smoking status for patients with COPD. The following research questions and hypotheses guided the analysis:
What is the difference in HRQL for COPD patients who have depression when compared to those who do not have depression?
Hypothesis 1: Participants with comorbid depression will report poorer HRQOL.
What is the difference in smoking status in COPD patients who have depression when compared to those who do not have depression?
Hypothesis 2: Participants with depression will report smoking a higher number of cigarettes when compared to those without depression.
What is the relationship between HRQL and smoking status for a subgroup of patients with COPD and Depression?
Hypothesis 3: In this subgroup, patients with smoking status will have poorer
Methods

Data Source, Study Design, and Ethical Conduct of Research
Behavioral Risk Factor Surveillance System (BRFSS) data was originally designed to help states collect data so that it was possible to track state and local data for health program planning. Since 1984, the Centers for Disease Control and Prevention (CDC) has conducted a cross-sectional, annual health-related telephone survey in the United States and surrounding United States territories to collect data on health behaviors, chronic diseases, health care accessibility, and the use of health services. The telephone surveys have three components: standardized questions, optional questions, and an opportunity for states to add questions [8] .
Currently almost two thirds of US states use this data to provide evidence for health legislation.
A cross-sectional descriptive design was used to answer the research questions.
For 2016, the BRFSS questionnaire was developed and subsequently, health departments within the participating locations administered the survey using This study is a secondary data analysis of publicly available de-identified BRFSS data. Hence, the research is considered as non-human subjects research (NHSR). As a NHSR study, Institutional Review Board (IRB) approval was not required or sought.
Study Population and Sample
The original 2016 BRFSS dataset included 486,303 participants. For this study, the population of interest was adults who were 18 years and older, not institutionalized and self-identified as having a diagnosis of COPD. After selecting participants based on the listed criteria, 40,682 individual participants remained in the study sample for inclusion in the analysis.
Measures
Descriptive Variables:
Income
Participants were asked, "Is your annual household income from all sources": The categorical responses that a participant could choose were: less than $10,000; less than $15,000; less than $20,000; less than $25,000; less than $35,000; less than $50,000; less than $75,000; $75,000 or more.
Education Level
Participants were asked to select their "level of education completed". The categorical responses that a participant could choose were: did not graduate high school, graduated high school, attended college or technical school, graduated for college or technical school, don't know/not sure, or missing. Participants were also asked what the highest grade or year of school they completed. They responded by answer: never attended school or only kindergarten, grades 1 -8, grades 9 -11, grade 12 or GED, college 1 year to 3 years, college 4 years or more, refused, not asked or missing.
Age
Participants were asked to self-report their age in years. However, the actual age of the participant is not reported in the dataset. The following six weighted age categories were provided in the dataset and were used in this analysis: age 18 -24, age 25 -34, age 35 -44, age 45 -54, age 55 -64, and age 65 or older.
Gender
Participants were asked to categorize their sex as either male or female.
Race
To determine race, participants were asked, "Which one of these groups would you say best represents your race?" The weighted categorical responses that a participant could choose were: white, black, American Indian or Alaskan native, Asian, native Hawaiian or other pacific islander, other race, multiracial, Hispanic, don't know/not sure, or refused.
COPD and Depression
For the purposes of this study a participant was considered as having the diagnosis of COPD when the following question was answered as yes: "Have you ever been told you have Chronic Obstructive Pulmonary Disease or COPD, emphysema or chronic bronchitis?" Likewise, a participant was considered as having the diagnosis of depression when the following question was answered as yes: "Have you ever been told that you have a depressive disorder, including depression, major depression, dysthymia, or minor depression?"
Health Related Quality of Life
In 2016, the BRFSS questionnaire contained 4 questions related to HRQL. Participants were first asked to self-report their health status as excellent, very good, good, fair, or poor. Then, participants were asked to answer the following three questions regarding their HRQL: 1) "Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?" 2) "Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?" 3) "During the past 30 days, for about how many days did poor physical or mental health keep you from doing your usual activities, such as self-care, work, or recreation?" Participants' responses were scored as a continuous variable that ranged from 0 -30 days.
Smoking Status
In 2016, the BRFSS questionnaire contained 4 questions related to participants' smoking status. Participants were asked to answer the following questions regarding their smoking status:
1) "Have you smoked at least 100 cigarettes in your entire life?" with answer options of yes or no?
2) "During the past 12 months, have you stopped smoking for one day or longer because you were trying to quit smoking?" The categorical responses that participants could choose were: yes, no, don't know/not sure, or refused.
3) "Do you now smoke cigarettes every day, some days, or not at all?" The categorical responses that participants could choose were: every day, some days, not at all, don't know/not sure, or refused.
4) "How long has it been since you last smoked a cigarette, even one or two puffs?" The categorical responses that participants could choose were: past month, past 3 months, past 6 months, past year, past 5 years, past 10 years, 10 years or more, never smoked regularly, don't know/not sure, or refused.
Depending on participants' answers to question 1 and question 3, the BRFSS calculated and weighted participants smoking status into the following four levels: every day smoker, some day smoker, former smoker, or non-smoker.
Data Analysis
Data were analyzed using Statistical Package for the Social Sciences 24. Initially, data exploration was completed seeking outliers and missing data. Participants who answered "don't know/not sure" or "refused" to the BRFSS questions were removed from the analyses that included that particular question. Due to the large data set and the small amount of missing data, no manipulation to the missing data occurred. First, a comprehensive descriptive analysis was completed for each variable. This was followed by comparative testing based on variable type. Chi-square tests for independence were used to explore the relationships between categorical study variables of general health related quality of life, depression, and smoking status. Post-hoc tests were used to further characterize. Independent-samples t-tests were used to compare the continuous HRQL variables between participants who were depressed verses those who were not depressed. Mean comparisons of the continuous HRQL variables were conducted using one-way between-groups ANOVA based on the depression and smoking status groups. Post-hoc tests were used as appropriate to further characterize variable relationships.
Results
The 40,682 individual participants with COPD included 15,271 men (37.5%) and Open Journal of Nursing 25,406 women (62.5%). The majority were 65 years or older (51.5%), white (79.8%), and low income (63.7% ranging from less than $10,000 to less than $35,000). Nearly half of the participants had attended 1 year or more of college (49.1%) and, nearly all participants reported having health care coverage (94%).
Additional demographic descriptors are displayed in Table 1 and Table 2 . To answer research question 1, "For patients with COPD, is there a difference in HRQL for COPD patients who have depression when compared to those who do not have depression?" independent-samples two tailed t-tests are reported. Table 3 . These results indicate that hypothesis 2 was supported.
To answer the research question 3, "What is the relationship between HRQL and smoking status for a subgroup of patients with COPD and Depression?", cases were selected that met the criteria of the subgroup and then chi-square tests for independence (with Yates' Continuity Correction) were performed. For each smoking status variable, the groups differed significantly on HRQL (p < 0.01).
Over 80% of those in the group that smoked over 100 cigarettes rated their health as poor. Over 40% of the subgroup were still everyday smokers yet just over 43%
of the everyday smokers still rated their health as excellent. Over 65% of those who quit smoking in the 12 months prior to data collection still reported their health as poor. Table 4 illustrates the details of the chi-square analysis.
Independent-samples t-tests were conducted to compare the continuous HRQL variables of physical health, mental health, and poor health with the dichotomous smoking status variables for patients with a dual diagnosis of COPD and depression. Participants who had stopped smoking in the past 12 months reported significantly higher means for physical health (p < 0.05) and poor health (p < 0.01). The groups did not differ significantly on mental health. When compared for number of cigarettes, the groups who had smoked at least 100 cigarettes had higher mean scores on the physical health (p < 0.01), mental health (p < 0.01), and poor health variable (p < 0.01) indicating that this group had more days when they did not feel well. Table 5 illustrates the details of the independent-samples t-tests.
A one-way between-groups analysis of variance was conducted to explore the relationship between the frequency of day now smoking and the continuous HRQL variables; physical health, mental health, and poor physical or mental Post-hoc comparisons using the Tukey HSD test can be found in Table 6 & Table 7 .
A one-way between-groups analysis of variance was conducted to explore the impact of the interval since last smoked on the HRQL continuous variables; physical health, mental health, and poor physical or mental health. Participants were divided into 8 groups according to their interval since last smoked (past month; past 3 months; past 6 months; past year; past 5 years; past 10 years; 10 years or more; never smoked). There was a statistically significant difference at the p < 0.05 level in the HRQL variable scores for the eight interval groups: physical health F = 6.6, p = 0.000; mental health F = 15.6, p = 0.000, poor health F = 7.6, p = 0.000. Despite reaching statistical significance, the actual difference in mean scores between the groups was small. The effect size, calculated using Post-hoc comparisons using the Tukey HSD test can be found in Table 6 & Table 7 .
A one-way between-groups analysis of variance was conducted to explore the impact of smoker status on the HRQL continuous variables; physical health, mental health, and poor physical or mental health. Participants were divided into 4 groups according to their interval since last smoked (every day smoker; someday smoker; former smoker; non-smoker). There was a statistically significant difference at the p < 0.05 level in the HRQL variable scores for the four groups: physical health F = 30.7, p = 0.000; mental health F = 114.4, p = 0.000, poor health F = 31.2, p = 0.000. Despite reaching statistical significance, the actual difference in mean scores between the groups was quite small. The effect size, calculated using eta squared was: physical health = 0.007; mental health = 0.02; poor health = 0.007. ANOVA results and Post-hoc comparisons using the Tukey HSD test can be found in Table 6 & Table 7 . These results indicate that hypothesis 3 was supported.
Discussion
The prevalence of COPD in the population was 8.3%, which is higher than the Open Journal of Nursing reported national prevalence rate of 6.4% [1] . Previously, in 2013, American Indians, Alaskan natives, and multiracial non-Hispanics were disproportionally diagnosed with COPD; however, in this weighted COPD sample, 81.2% of participants identified as being white. There were also 25% more women diagnosed with COPD than men in this population. These findings are consistent with the literature over the last decade which finds women self-reporting their COPD diagnoses more often than men [2] . More than half of the sample was 65 years or older, 94% of participants had healthcare coverage, and 79.8% fell within the low-income level.
Prevalence of COPD correlates with those individuals who are 65 years and older [1] . With an older population and 94% of participants having healthcare coverage, one can assume that Medicare was the primary source of insurance. Prevalence of COPD is also known to have an inverse relationship with income [2] . Additionally, it is known that big tobacco targets lower income individuals, and the proportion of smokers developing COPD is now at 50% [2] . Lower educational obtainment is correlated with COPD and smoking which is consistent with the findings of this study as nearly half of the participants attended one year of college or less [1] .
The 36% prevalence rate of depression within this sample correlates with the overall prevalence rate of depression among COPD patients (40%) [5] . The majority of the participants reported their HRQL as good or less (83%), with only a small percent of the sample describing their quality of life as very good or excellent (17%). In addition, participants reported a mean of seven or more days with poor physical health, poor mental health, and poor health per month. These results support the notion that COPD has a profound effect on patients HRQL; however, participants with COPD and depression reported poorer HRQL. This subgroup reported a higher mean number of days their physical health, mental health and poor health were not good compared to those participants with COPD. These findings supported hypothesis 1.
The majority of participants with COPD (73.5%) and the majority of participants with COPD and depression (78.3%) had all smoked at least 100 cigarettes in their life. Considering that smoking is the leading risk factor for COPD and accounts for 90% of COPD diagnoses, this finding was consistent with the literature [6] . However, for patients with COPD, the number of cigarettes smoked is greater for those with depression than those without depression. This finding is consistent with the literature, as the prevalence of smoking increases in patients with mental disorders [9] . A greater percentage of participants with depression (32%) reported their smoking status as an "every day smoker", in comparison to participants with COPD alone who reported their smoking status as a "former smoker". When reporting their days now smoking, a larger percentage of those with depression reported smoking every day and those with COPD alone reported not smoking at all. These findings supported hypothesis 2.
These findings are consistent with the literature that nicotine dependence plays an important role in the relationship between COPD and depression [9] . It Open Journal of Nursing also indicates that depression may have a causative influence on the choice to continue smoking. Future research should be aimed at increasing screening and treatment for depression in patients with COPD who continue to smoke. Such screening and intervention may lead to improved outcomes. From a clinical perspective, if nicotine dependence is a confounding variable between COPD and depression, there is a highlighted need for health behavior counseling and treatment for nicotine dependence in this population [9] .
Health related quality of life seems to be impacted by smoking status for participants with COPD and depression. More nonsmokers rated their health as excellent, compared to the majority of everyday smokers who rated their health as good, fair, or poor. In addition, a larger percentage of participants who reported their general health as excellent were not currently smoking at all compared to those who were currently smoking every day. These findings supported hypothesis 3. However, there was an unexpected finding in this analysis. Individuals that had stopped smoking, but not achieved smoking cessation for five years, reported a higher number of days with poor physical and mental health and a higher number of days that their overall health impacted their activities of daily living. Non-smokers do rate their physical, mental, and overall health higher compared to those participants that smoke every day. Those who have achieved smoking cessation for five years or more report better physical, mental, and poor health. This is consistent with the finding that quality of life improves when a patient achieves successful smoking cessation [10] .
However, those individuals who last smoked within the past three months reported poor physical health with a mean of 19.4 days. The increase in this mean may be due to patients experiencing symptoms of acute nicotine withdrawal [11] . Non and former smokers have better HRQL compared to every day smokers; however, someday smokers had the highest means for physical and poor health.
We hypothesize that smoking may be a coping mechanism that improves participants perceived quality of life especially during acute nicotine withdrawal or because of acute nicotine withdrawal. If this is to be true, this finding highlights the importance of evaluating coping mechanisms and smoking cessation interventions by healthcare professionals. Hence, there is a need to investigate the link between depression and unsuccessful smoking cessations attempts for people with COPD.
Limitations
While the BRFSS dataset is a large nationally representative sample, this study does have limitations. Performing a secondary analysis on the BRFSS dataset, limited the researcher to the sampling procedures and the data provided. Due to the cross-sectional design, no causal relationships can be determined between COPD, depression, and HRQL. The BRFSS is a telephone survey, which may exclude potential participants that do not have telephones. Additionally, all of the data collected was self-reported by the participants. Smoking status and the di- 
Future Implications and Conclusion
The causal relationship between COPD and smoking is well understood; however, the causal relationship between COPD, depression, and smoking cessation is not well understood. This study finds depression, as a comorbidity, does relate to differences in smoking status and physical, mental, and overall HRQL. The results of this study provide further evidence that it is critical to assess for depression in persons with COPD. These results are foundational to a developing program of research focused on the potentially cyclical nature of the relationships among COPD, depression, smoking status, and HRQL is planned. Identifying and understanding these relationships will be key to the development of interventions targeting smoking cessation in this population.
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